The aim of this study was to evaluate the physiological and sanitary quality of maize seeds (Zea mays L.) treated with fungicide and biological control agents. PZ 677 and PZ 242 maize seeds were treated with Thiran + Carbendazin fungicide and biological control agents Bacillus subtilis and Trichoderma asperellum. Analyzes consisted of germination test, emergence speed index, seedling emergence and seed sanity test. It was verified that the fungicide, the biological control agents and the two hybrids did not influence maize seed germination (85 to 95%), emergence speed index (5 to 9) and seedling emergence (60 to 86%). Seeds treated with the fungicide Thiram + Carbendazin controlled the Fusarium verticillioides and Penicillium spp. fungi, while seeds treated with Trichoderma asperellum only controlled Penicillium spp.
Introduction
Maize (Zea mays L.) is one of the main commodities in international agriculture and an important nutrient source for humans and animals. Brazil's maize production estimation in August, 2016, was of 68,476.1 thousand tons, which occupy an area of 15,884.6 thousand hectares (Conab, 2016) .
The use of seeds with high physiological and sanitary quality is very important in the crop implantation. Seed sanitary refers to the presence or absence of pathogens, such as fungi, bacteria, viruses, nematodes and insects. Seed physiological quality refers to the emergence and development of essential embryo structures, which demonstrate its ability to produce a normal plant under favorable field conditions (Brasil, 2009) .
Fungi are considered the main microorganisms associated with and transmitted via maize seeds, causing problems on germination and seedling emergence, besides causing root and stem base rot (Nerbass et al., 2008) . Among pathogenic fungi transmitted by maize seeds, Fusarium verticillioides (sin. F. moniliforme (Sacc.) Nirenberg), Colletotrichum graminicola (Ces.) Wils., Aspergillus spp., Penicillium spp and Stenocarpella macrospora (Earle) Sutton [Sin. Diplodia macrospora Earle] are highlighted, with the latter being often detected in Brazil's maize crops , Wordell Filho et al., 2010 , Casa et al., 2011 . The fungus F. verticillioides is also associated with cob rot, which results in reduced grain yield and quality, besides causing decrease in product price (Casa et al., 2007) .
Seed treatment with systemic and contact fungicides has the purpose of protecting the seeds against pathogen inoculum. In addition, it is efficient in the maintenance of adequate plant populations during germination and offers an additional guarantee to crop establishment at reduced costs, representing less than 0.5% of the crop installation cost (Henning, 2005) . However, studies inform about the excessive use of fungicides that can be harmful to the environment and human health. Thus, one of the alternatives to avoid the excessive use of fungicides is plant disease control with substances that have lower environmental impact (Camargo, 2007) , such as biological control agents (Mertz et al., 2009) . Among biological control agents, the antagonistic bacteria Bacillus subtilis, Pseudomonas cepacia, P. fluorescens (Weller, 2007 , Trotel-Aziz et al., 2008 , Chen et al., 2009 ) and the fungus Trichoderma harzianum (Kupper et al. Al., 2009 ) are highlighted.
The Bacillus genus, endophytic bacteria (Angonese et al., 2009) , forms endospores and has multiple antagonistic mechanisms of phytopathogenic fungi. Thus, its long-term maintenance and survival in specific ecological niches is viable, with great versatility in the action mechanisms to attack phytopathogen defenses (Lanna Filho et al., 2010) . Use of in vitro Bacillus subtilis showed antagonistic activity to Fusarium verticillioides, Aspergillus spp. and Colletotrichum graminicola fungi, which cause diseases in maize and sorghum (Figueiredo et al., 2010) .
Some Trichoderma strains are used in phytopathogen control and plant growth progress due to their action versatility (parasitism, antibiosis and competition) and plant resistance induction against pathogens (Machado et al., 2012) . Trichoderma application provided significant increases in germination percentage, germination speed, dry matter and plant height, besides stimulating the development of lateral roots (Contreras-Cornejo et al., 2009 ). Therefore, biological control agents are an alternative in seed treatment.
The objective of the present study was to evaluate the physiological and sanitary quality of maize seeds treated with Thiran + Carbendazin fungicide and with the biological control agents Bacillus subtilis and Trichoderma asperellum.
Material and methods
The study was carried out using untreated seeds of hybrids PZ 677 and PZ 242 with 22L sieve size seeds, untreated, produced in the experimental area of Sementes Farroupilha Company, Uberlândia, MG, in 2010/2011. In order to conduct the experiment, seeds were divided into the following treatments: 1) seeds treated with Tricoderma asperellum (6 mL kg -1 seeds containing 1.0 x 10 10 UFC g -1 ); 2) seeds treated with Bacillus subtilis (6 mL kg -1 seeds containing 10 8 UFC mL -1 ); 3) seeds treated with Thiran + Carbendazin fungicide (2 mL kg -1 seeds diluted in 1 mL water) and 4); untreated seeds (control).
Seed treatment was performed manually using a plastic bag to mix the material, where it remained under agitation until good product uniformity was obtained throughout the seed surface.
Germination test
Germination test was performed according to the Rules for Seed Analysis (Brasil, 2009 ). Seeds were placed on two sheets and between one sheet of Germitest paper and moistened with distilled water in the ratio of 2.5 times the dry paper matter, with 4 repetitions of 50 seeds. After test installation, rolls were packed in a Biomatic germinator, Mangelsdorf model, with alternating temperature of 20-30 °C, where they remained for 16 hours in the lowest temperature and for 8 hours in the highest temperature, with alternating light. The first counting of germinated seeds was carried out on the fourth day through normal seedlings percentage evaluation (Krzyzanowski et al., 1999) . On the seventh day, germination was evaluated, taking into account the normal seedlings percentage.
In order to analyze mean assumptions, the SPSS program (Pereira, 2006 ) was used to determine variance homogeneity, residue normality and block additivity. Means were compared by Levene and Shapiro-Wilk tests.
For statistical analysis, the SISVAR program was used (Ferreira, 2003) through data analysis of variance, and means were compared by Tukey test at 5% significance.
Emergence Speed Index and Seedlings Emergence
The experimental design was of randomized blocks, with 4 repetitions of 50 seeds. Each experimental plot consisted of one plastic tray (54 x 33 x 9 cm) containing medium-texture sieved sand. The test was conducted in a greenhouse. The substrate was moistened with the amount of water corresponding to 60% of retention capacity. Temperature and humidity were monitored daily with a thermometer and humidity meter. The count was started when the first seedling emerged, and was finalized when the number of seedlings remained stable. After wards, emergence speed index was calculated (Maguire, 1962) . Seedling emergence was calculated as a percentage.
Statistical analysis, analysis of variance and mean comparison were performed as previously described.
Seed health
The experimental design was completely randomized, with eight repetitions of 25 seeds. Seeds were placed on two sheets of blotting paper, previously moistened with distilled water, in Gerbox plastic boxes.
Subsequently, the boxes were kept in a germination chamber at a temperature of 20 °C for a period of 24 hours. After this period, the boxes were transferred to the freezer for 24 hours, in order to prevent seed germination. Afterwards, seeds were conditioned again in a germination chamber, where they remained incubated for a period of 7 days with alternating photoperiod (12 hours of light/12 hours of darkness).
Fungi identification was carried out with the aid of a magnifying glass, XTL6445T -B2 model, and an optical microscope and stereoscope, L 2000 C model, through which fungi incidence in the seeds was assessed as percentage.
Results and discussions
In the seed vigor and germination percentages (Table 1) there was no significant difference between the hybrids used, also there was not a significant difference between the fungicide, biological control agents and the control for each hybrid. For vigor percentage, values ranged from 16 to 31%, while for germination percentage, values ranged from 85 to 93%. Means followed by distinct letters (lowercase in the column and uppercase in the line) differ by Tukey test at 0.05 significance; CV -coefficient of variation. Migliorini et al. (2012) verified that canola seeds treated with Trichoderma harzianum and fungicides were more vigorous than the control (untreated), having a higher germination speed. Cotton seeds treated with T. harzianum, Carboxin + Thiram and Carbendazin + Thiram had a statistically higher germination percentage when compared with the control (Faria et al., 2003) , unlike the results obtained in the present study, which probably occurred because seeds used in that study had high physiological potential.
For emergence speed index and seedlings emergence percentage (Table 2) , there was no significant difference between the tested hybrids. There was also no significant difference between the control and seeds treated with Trichoderma asperellum, Bacillus subtilis and Thiram + Carbendazin. Emergence index ranged from 5 to 9% and the emergence percentage ranged from 60 to 86% between hybrids, respectively.
However, unlike the observed results, maize seeds treated with T. harzianum had a higher emergence speed index than seeds treated with Carboxin + Thiram + T. harzianum; Carbexin + Thiran and Carbendazin + Thiram (Scudeler & Venegas, 2012) . Luz (2001) and Resende (2003) also observed significant seedling emergence increase in maize seeds treated with T. harzianum.
Use of biological control agents in agriculture can be affected by several factors, such as inoculum age and concentration, soil type and pH, soil temperature and humidity and seed vigor (Harman, 2000) . Thus, in this study, non-significant effect among different treatments is probably related to sandy substrate type, as well as greenhouse temperature, which ranged from 36 to 40 ºC. This may have caused faster substrate drying, even with frequent irrigations.
Regarding maize seeds health (Tables 3 and  4) , the untreated (control) seeds showed 100% infestation by Fusarium verticillioides and Penicillium spp. fungi in both hybrids. Means followed by distinct letters (lowercase in the column and uppercase in the line) differ by Tukey test at 0.05 significance; CV -coefficient of variation. Means followed by distinct letters (lowercase in the column and uppercase in the line) differ by Tukey test at 0.05 significance; CV -coefficient of variation. (Migliorini et al., 2012) . In the present study, T. asperellum was efficient in reducing the incidence of Penicillium spp. fungus in maize seeds, probably due to product quality, viability and concentration.
There was also no significant difference between untreated seeds (control) (100%) and seeds treated with B. subtilis (97 to 90%) ( Table 4 ). The result afore mentioned can be explained by the fact that seeds remained for 24 hours in the freezer, affecting B. subtilis cells. Different results were found by Angonese et al. (2009) , in which Bacillus genus bacteria showed great potential to be used as phytopathogenic fungi biological control agents, significantly reducing Fusarium graminearum and Stenocarpella maydis infection in maize seeds (Luz, 2001 ) and fungi incidence in soybean seeds (Bezerra et al., 2013) .
As shown in Table 4 , untreated seeds were infested by Fusarium verticillioides and Penicillium spp., with germination ranging from 85 to 91%. However, PZ 242hybrid seeds treated with T. asperellum obtained germination increase of 6%, showing the importance of treating seeds with biological control agents.
T. asperellum can be used a low relative cost alternative in seed treatment, reducing agrochemicals use and environmental impact.
Conclusion
Thiram + Carbendazin fungicide and Trichoderma asperellum and Bacillus subtilis biological control agents did not influence maize seed germination, emergence speed index and seedlings emergence.
Seed treatment with Thiram + Carbendazin fungicide was effective in the control of Fusarium verticillioides and Penicillium spp,fungi and treatment with Trichoderma asperellum was only effective for the Penicillium spp. fungus.
